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Description 

Field of the Invention 

5 [0001 ] The present Invention relates to a process for producing lipids containing, arachldonic acid or a process for 
producing lipids containing dihomo-y-linolenic acid by fermentation using a mutant in which o3 unsaturation activity is 
decreased or deleted. 

Background Art 

10 

[0002] There are reports that arachidonic acid, as is docosahexaenoic acid, contained In breast milk and plays a 
role in the Infant's development ("Advances in Polyunsaturated Fatly Acid Research," Elsevier Science Publishers, 
1993, pp. 261-264) and reports on the importance of arachidonic acid in the development of fetus's height and brain 
(Proc. Natl. Acad. Sci. U.S.A.. 90, 1073-1077 (1993). Lancet, 3M. 1319-1322 (1994)), and accordingly there are moves 
15 to supplement infant formula with arachidonic acid and docosahexaenoic acid that represent major differences in the 
fatty acid composition between breast milk and infant formula. 

[0003] TTie FAO/WHO has issued a recommendation that the intake of arachidonic acid and docosahexaenoic acid 
be 60 mg/kg/day and 40 mg/kg/day. respectively, for permature infants and the intake of arachidonic acid and docosa- 
hexaenoic acid be 40 mg/kg/day and 20 mg/kg/day, respectively, for mature infants. 
20 [0004] /\s methods of obtaining these fatty acids in large amount, there are conventionally known production meth- 
ods that utilize microorganisms. For example, a method utilizing a microorganism belonging to the genus Mortierella 
has been proposed that permits the production of arachidonic acid in a shorter culturing time, with a higher yield, and 
using simpler processes using an inexpensive commonly used medium (Japanese Examined Patent Publication 
(Kokoku) No 7-34752). 

25 [0005] However, the percentage of arachidonic acid in the total fatty adds is not satisfactory with these conventional 
production methods. TTius, when lipids containing arachidonic acid are to be added to foods, the highest possible con- 
tent of arachidonic acid is pretended since it can minimize the amount of undesirable substances added and therefore it 
is also desirable in terms of quality and cost. It is also desirable when arachidonic acid ethyl esters are to be isolated 
and purified, since the highest possible content of arachidonic acid providing highly purified products with simple pro- 

30 cedures and at low cost. 

[0006] As methods of enhancing the percentage of arachidonic acid In lipids relative to the total fatty acids, there 
are many methods known in the art. For example, by culturing Mortierella aloina at 28^C in a normally airation and agi- 
tation culture followed by culturing for further 6 days under the condition of complete glucose depletion, the percentage 
of arachidonic acid has successfully been raised to 67.4% (/\ppl. Microbial. Blotechnol. 31 1 1-6 (1989)). This method. 
35 however, takes advantage of the fact that microorganisms in a starved state effect p-oxidatlon of fatty acids of triglycer^ 
Ide with a low degree of saturation to convert them to energy. 

[0007] Therefore, there are actually no changes in the total amount of arachidonic acid, and due to the reduction of 
fatty acids with a low degree of saturation only the relative percentage of arachidonic acid is enhanced. Thus, it does 
not mean that the amount of produced triglycerides containing a high percentage of arachidonic add is increased, but 

40 on the contrary it appears that the percentage of triglycerides Is also decreased as a result of p-oxidation. 

[0008] It is known that at a temperature lower than the optimum growth temperature, microorganisms capable of 
produdng arachidonic add generally try to adapt to low-temperature environments by enhandng the degree of unsatu- 
ration of unsaturated fatty acids so as to maintain fluidity and the functions of the cell membrane, and thereby the activ- 
ity of A6 desaturase and A5 desaturase become enhanced so that fatty acids having a high degree of unsaturation such 

45 as arachidonic acid are produced In greater amounts. Culturing at a low temperature is therefore desirable to enhance 
the content of arachidonic add. 

[0009] In a method utilizing the above property. Mprtigr^Ha alpina was cultured in an airation and agitation culture 
at 20^C for 16 days in which the percentage of arachidonic acid was successfully enhanced to 71 .2% ("Industrial Appli- 
cations of Single Cell Oils." American Oil chemists' Sodety Champaign, 1992, pp. 52-60). It is known, however, that 

50 since this method requires a long time for culturing, it is not only unsuitable for industrial production but at the low tem- 
perature a part of arachidonic acid that was produced is converted to eicosapentaenoic acid by a ©3 desaturase (Bio- 
chem. Biophys. Res. Commun.. m 335-341 (1988)) that acts at low temperatures thereby redudng the percentage of 
arachidonic acid and increasing the percentage of eicosapentaenoic acid in the total fatty adds. 
[001 0] For example, when filamentous fungus of the genus Mortierella Is cultured at 12'»C for 7 weeks. <d3 desatu- 

55 rase is activated and the percentage of EPA to the total fatty adds reaches 2 to 20% (J, Am. Oil Chem. Soc.. 65, 1 455- 
1459 (1988)) and accordingly the percentage of arachidonic acid decreases. In contrast, by using strains wherein ©3 
desaturase Is decreased or Is lacking, the percentage of arachidonic acid to the total fatty aclSs in the lipid can be 
enhanced to 50% or more, and when mutation is repeated It can be enhanced to 70% or more and the percentage of 
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EPA can be kept at 0.5% or less. 

[001 1 ] Utile eicosapentaenoic add is contained in breast milk, and recent studies have even shown that it is detri- 
mental to the development of babies of premature infants ("Advances in Polyunsaturated Fatty Acid Research." Elsevier 
Science Publishers, 1993. pp. 261 -264). Thus, there is a strong need for the development of a method that can produce 
lipids containing a high percentage of arachidonic acid and containing little or no eicosapentaenoic acid using an inex- 
pensive commonly used medium, a simple process, and on a large scale. 

[001 2] On the other hand, dihomo-y-linolenic acid is converted to arachidonic acid by a A5 desaturase irrespective 
of the culture temperature. As a method of producing dihomo-y-linolenic acid on a large scale by a fermentation at low 
cost, there is a known method of culturing by adding a substance that inhibits the activity of A5 desaturase such as ses- 
amin, episesamin, sesaminol, episesaminol. and curcuinin to the medium, or a method of culturing using a mutant 
strain of a microorganism capable of producing arachidonic acid in which mutation has been induced so that A5 desat- 
urase activity is decreased or deleted (Japanese Unexamined Patent Pi4)lication (Kokai) No. 1-243992. Japanese 
Unexamined Patent Publication (Kokai) No. 3-72892. Japanese Unexamined Patent Publication (Kokai) No. 3-49688. 
and Japanese Unexamined Patent Publication (Kokai) No. 5-91 887). 

[001 3] In this case also, however, culturing at a temperature lower than the optimum growth temperature such as 
12°C in an attempt to enhance the dihomo-y-linolenic acid content would result in the activation of the above-mentioned 
6)3 desaturase so that concern arises that a part of dihomo-rlinolenic acid may be converted to 8. 1 1 , 14. 1 7-eicosa- 
tetraenoic acid and thereby the percentage of dihomo-y-linolenic add may decrease and that of 8, 1 1 , 1 4. 1 7-eicosa- 
tetraenoic add may increase. Thus, there is a strong need for the development of a method that can produce lipids 
containing a high percentage of dihomo-y-llnolenic acid using an inexpensive commonly used medium, a simple proc- 
ess, and on a large scale. 

Disclosure of the Invention 

[001 4] Thus, the present invention is intended to provide a process for produdng arachidonic acid-containing lipids 
containing a high percentage of arachidonic acid and containing little or no eicosapentaenoic acid using an inexpensive 
conventionally-used medium, a simple process, and on a large scale, and a process for producing lipids containing a 
high percentage of dihomo-y-linolenic add and containing little or no eicosapentaenoic acid or 8, 11, 14. 17-eicosa- 
tetraenoic acid using an inexpensive conventionally-used medium, a simple process, and on a large scale. 
[001 5] After extensive research in order to attain the above objectives, the inventors of the present invention have 
found a microorganism In which ©3 desaturase activity is decreased or deleted and which is obtained by the mutagen- 
esis off a microorganism capable of producing arachidonic acid, and thereby have completed the present invention. 
[001 6] Thus, the present invention is intended to provide a process for produdng lipids containing arachidonic acid 
comprising the steps of culturing a microorganism wherein ooS desaturase activity has been decreased or is lacking at 
a temperature lower than the optimum growth temperature from the start of culturing or after culturing at the optimum 
growth temperature, said microorganism being obtained by the mutagenesis of a microorganism capable of produdng 
arachidonic acid and belonging to the genus Mortierella . the genus Conidiobolus. the genus Pvthium . the genus Phv- 
tophthora. the genus Penidllium. the genus Cladosporium. the genus Mucor. the genus Fusarium. the genus Asperail- 
lUS, the genus RhodotgrMl^. the genus Entomoohthora. the genus Echinosoorangium or the genus Saoroleonia - and 
then 

recovering lipids containing arachidonic add from the culture. 

[0017] Furthermore, the present invention is intended to provide a process for produdng lipids containing arachi- 
donic add comprising the steps of culturing a microorganism wherein <d3 desaturase activity has been decreased or is 
lacking at a temperature lower than 20''C from the start of culturing or after culturing at 20 to 40»C. said, microorganism 
being obtained by the mutagenesis of a microorganism belonging to the subgenus Mortierella : and then 

recovering lipids containing arachidonic add from the culture. 

[00181 The present invention is also intended to provide a process for produdng lipids containing dihomo-rlinolenic 
ackJ comprising the steps of 

culturing a microorganism wherein a)3 desaturase activity has been decreased or is lacking at a temperature lower 
than the optimum growth temperature from the start of culturing or after culturing at the optimum growth tempera- 
ture, said microorganism being obtained by the mutagenesis of a microorganism that is capable of producing ara- 
chidonic acid in which microorganism A5 desaturase activity has been decreased or is lacking, and that belongs to 
the genus Mortierelta , the genus Conidiobolus. the genus Pythium. the genus Phvtophthora, the genus Penidllium. 
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the genus Cladosoorium. the genus Mucor. the genus Fusarium . the genus Aspergillus, the genus Rhodotorula. the 
genus Entomophthnm, the genus Echinosporanqium or the genus Saprolegnia: and then 
recovering lipids containing dihomo^-linolenic acid from the culture. 

5 [001 9] Furthermore, the present invention is intended to provide a process for producing lipids containing dihomo- 
y-lindenic acid comprising the steps of 

culturing a microorganism wherein oaS desaturase activity has been deaeased or is lacking at a temperature lower 
than 20*'C from the start of culturing or after culturing at 20 to 40*'C, said microorganism being obtained by the 
10 mutagenesis of a microorganism in which AS desaturase activity has decreased or Is lacking, which had been 
obtained by the mutagenesis of a microorganism belonging to subgenus Mortierella; and then 
recovering lipids containing dlhomo-7-linolenic acid from the culture. 

Embodiment for Carrying out the Invention 

IS 

[0020] In accordance with the present invention, as microorganisms that are subjected to mutagenesis, there can 
be mentioned microorganisms belonging to the genus Mortierella. the genus Conidiobolus. the genus Pvthium. the 
genus Phvtophthora . the genus PeniciHium. the genus Cladosporium. the genus Mucor. the genus Fusarium. the genus 
Aspergillus, the genus Rhodotorula . the genus Entomoohthora. the genus Echinosporanqium and the genus Saproleg- 

20 nia. and more preferably microorganisms belonging to the genus Mortierella . the genus Conidiobolus. the genus 
Pvthium. the genus Entomoohthora. the genus Echinosporanoium and the genus Saprolegnia that have A6 desaturase 
and A5 desaturase and that can produce fatty acids up to arachldonic acid in the fatly acid biosynthetic pathway 
[0021] More specifically there can be mentioned Pythium insidiosm ATCC28251 as a microorganism belonging to 
the genus Pvthium : Echinosporanoium transversalis ATCC16960 (NRRL3116) and ATCC18036 (NRRL5525) as a 

25 microorganism belonging to the genus Echinosporanqium : Saoroleonia ferax CBS534.67, Saproleonia laoponica 
CBS284.38. Saprolegnia litoralis CBS535.67, Saprolegnia moniliqera CBS558.67. and Saoroleonia turfosa GBS31 3.82 
and the like as a microorganism belonging to the genus Saprolegnia . 

[0022] Specifically, in accordance with the present invention, microorganisms belonging to the genus Mortierella 
subgenus Mortierella that have a high ability of producing arachidonic acid are preferred. As microorganism belonging 

30 to the genus Mortierella subgenus Mortierella of the present invention, there can be mentioned Mortierella elonoata. 
Mortierella exioua. Mortierella hvorophila. Mortierella alpina . Mortierella parvispora. Mortierella beljakovae. Mortierella 
clobalpina. Mortierella eoiqama. Mortierella kuhlmanii. Mortierella acrotona . Mortierella zvchae . Mortierella rishikesha. 
Mortierella minutissima. Mortierella bainieri. Mortierella schmuckeri. and tiie like, and specifically there can be men- 
tioned strains Mortie rell a elongata IFO8570, Mortierella exigua 1F08571. Mortierella hygrophila IF05941, Mortierella 

35 alpina IF08568, ATCC16266. ATCC32221. ATCC42430, CBS219.35. GBS224.37, GBS250.53. CBS343.66, 
CBS527.72. CBS529.72. CBS608.70. and CBS754.68. and the like. 

[0023] These strains are all available without limitations from tiie Institute for Fermentation Osaka (IFO), Japan, and 
American Type Culture Collection (ATCC) in the U.S.A.. and Centrralbureau voor Schimmelcultures (CBS). It is also 
possible to use Mortierella elonoata SAM0219 (PERM P-8703) (PERM BP-1239) that is a microbial strain our research 

40 group has isolated from the soil. 

[0024] In accordance with the present invention, microorganisms that are subjected to mutagenesis are not limited 
to those wild type strains described above but preferably include mutants or recombinants of the above microorganisms 
(wild type strains) belonging to the genus Mortierella subgenus Mortierella. in other words those that have been delib- 
erately designed to have a higher content of arachidonic acid or dihomo-7-linolenic acid in lipkis, or a higher content of 

45 total lipid than those produced by the original wild type strains, when they are cultured in the presence of the same sub- 
strate. 

[0025] Further included are those microorganisms that were designed to produce unsaturated fatty acids at an 
amount equal to that produced by the wild type strains by efficientiy using substrates having excellent cost effective- 
ness. For example, as a mutant strain in which A12 desaturase activity is lacking and A6 desaturase activity has been 
so enhanced, there can be mentioned Mortierella alpina SAM2086 (PERM BP-6032). and as a mutant strain lacking A5 
desaturase activity that was artificially induced to enhance the productivity of dihomo-y-linolenk; acid, there can be men- 
tioned Mortierella alpina SAM1860 (PERM BP-3589). 

[0026] In accordance with tiie present invention, by subjecting mutant sti-ains of the present invention In which o)3 
desaturase has been decreased to mutagenesis, it is also possible to obtain mutant strains in which ©3 desaturase 
55 activity has been further decreased or is lacking. 

[0027] ©3 desaturase activity as used herein refers to an action of Inserting a double bond in between the third and 
the fourth carbons from the methyl group of a fatty acid, and microorganisms in which (o3 desaturase activity has been 
decreased or is lacking can be easily evaluated for the decrease or lack of co3 desaturase activity thereof. 
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[00281 Specifically, for the production of lipids containing arachrdonic acid, it can be evaluated by the percentage of 
eicosapentaenoic acid in the total fatty acids in the microbial cells after a mutant that was obtained by the mutagenesis 
of the parent strain is cultured at a temperature lower than the optimum growth temperature, for example a temperature 
lower than 20^0. Thus, when the percentages of eicosapentaenoic acid in the parent strain and the mutant strain under 
5 culturrng at a low temperature are compared and the percentage of eicosapentaenoic acid of the parent strain is set at 
1 . then If the percentage of the mutant strain is lower than 1 . the activity is judged to be decreased while if it is 0 the 
activity is judged to be lacking. 

[0029] For the production of lipids containing dihomo-y-linolenic acid also, it can be evaluated by the percentage of 
8. 11 . 14. 1 7-elcosatetraenoic acid in the total fatly acids in the microbial cells after a mutant that was obtained by the 
10 mutagenesis of the parent strain (for example, a parent strain in which A5 desaturase activity has been decreased or 
lacked) was cultured at a temperature lower than the optimum growth temperature, for ©cample a temperature lower 
than 20»C. Thus, when the percentages of 8. 11 , 14. 17-ercosatetraenoic acid in the parent strain and the mutant strain 
under culturing at a low temperature are compared and the percentage of 8. 11 , 14. 1 7-eicosatetraenoic acid of the par- 
ent strain is set at 1 . then if the percentage of the mutant strain is lower than 1 . the activity is judged to be decreased 
IS while if it is 0, the activity is judged to be lacking. 

[0030] As microorganisms for use in the process of producing dihomo-y-linolenic acid of the present invention, 
mutant strains in which ©3 desaturase activity has been decreased or is lacking, that are obtained by the mutagenesis 
of microorganisms capable of producing arachidonic acid can be used, and more preferably mutant strains in which fur- 
ther A5 desaturase activity has been decreased or is lacking, are used. In order to obtain mutant strains in which cd3 
20 desaturase activity has been decreased or is lacking and A5 desaturase activity also has been decreased or is lacking 
a mutant strain obtained according to the present invention in which g)3 desaturase activity has been decreased or 
lacked is further subjected to mutagenesis and thereby mutant strains in which A5 desaturase activity has also been 
decreased or lacked are selected. Alternatively, they are also obtained by subjecting strains in which A5 desaturase 
activity has been already decreased or is lacking to mutagenesis so as to decrease or delete co3 desaturase activity. 
25 [0031 ] Mutation treatment according to the present invention can be conducted by conventional mutagenesis: for 
example effecting irradiation treatment (X ray. gamma ray. neutron beams, heavy ions), ultra violet irradiation, high tem- 
perature ti^eatment and the like to induce mutation; and by suspending microorganisms in a suitable buffer, to which a 
mutagen is added followed by incubating for a given time, which is diluted appropriately and inoculated on an agar 
medium to obtain colonies of mutant strains. 
30 [0032] As mutagens, alkylating agents such as nitrogen mustard, methyl methane sulfonate (MMS). and N-methyl- 
N-nitro-N-nitrosoguanidine (NTG), base analogs such as 5-bromouracil. antibiotics such as mitomycin C, base syn- 
thetic inhibitors such as 6-mercaptopurine. dyes such as proflavine (other derivatives), certain carcinogens such as 4- 
nrtroquinoline-N-oxide, and other compounds such as manganese chloride and formaldehyde, and the like may be 
mentioned. Microorganisms used may be live cells (mycelia etc.) or spores. 
35 [0033] As mutant strains of the present invention, for example, Mortierella alpina SAM2153 (PERM P-15767) 
(PERM BP-6794) wherein ©3 desaturase activity has been extremely decreased that was induced by the present inven- 
tors from Mortierella alfiins IP08568 capable of producing arachidonic acid can be used, but it is not limiting said strain 
and all otiier mutant strains that exhibit the ratio of an activity of smaller than 1 relative to eicosapentaenoic acid of the 
parent strain cultured under a low-temperature condition set as 1 . 
40 [0034] In order to culture the microbial strains for use in the present Invention, spores, mycelia, or a preculture that 
has been previously cultured are inoculated to liquid media or solid media and are cultured. In the case of liquid media 
carbon sources include, but not limited to. any of glucose, fructose, xylose, saccharose, maltose, soluble starch molas- 
ses, glycerol, mannitol and the like that are commonly used. As nitrogen sources, in addition to natural nitrogen Sources 
such as peptone, yeast extract, malt extract, meat extract, casamino acid, corn steep liquor, soy flour, defatted soybean 
meal and cottonseed meal, defined organic nitrogen sources such as urea and inorganic nitrogen sources such as 
sodium nitrate, ammonium nitrate, and ammonium sulfate can be used. Por large scale industrial production of fatty 
acids or lipids containing them, liquid media are preferably used. 

[0035] When desired, inorganic salts such as phosphates, magnesium sulfate, iron sulfate, and copper sulfate and 
vitamins can also be used as trace nutrients. The concentrations of these medium components are not limited as long 
as tfiey do not adversely affect microbial growth. Generally, from a practical viewpoint, carbon sources are in the range 
of 0.1 to 40% by weight and preferably 1 to 25% by weight, nitrogen sources are in the range of 0.01 to 10% by weight 
and preferably 0.1 to 10% by weight, and more preferably tfie initial amount added of carbon sources is 1 to 5% by 
weight, and that of nitrogen sources is 0.1 to 6% by weight and. during culturing, carbon sources and nitrogen sources 
and more preferably only cartDon sources, are fed. 

[0036] The mutant strains of the present invention may be cultured at a temperature lower than the optimum growth 
temperature from the start of the culturing. or after culturing at the optimum growth temperature they may be cultured 
at a temperature lower than the optimum growth temperature. Though the optimum growth temperature as used herein 
may vary depending on the microorganism used, it is preferably 20 to 40^C and preferably 20 to 3(fC. and a tempera- 



45 



SO 



55 



5 



EP 1035 211 A1 



ture lower than the optimum growth temperature is a temperature lower than 25*'C» preferably a temperature lower than 
ao^C. and more preferably a temperature lower than aO'^C and higher than 5*C. By means of the temperature control 
described above, the accumulation of lipids in the cells can be enhanced. 

[0037] When culturing is effected at a temperature lower than the optimum growth temperature, culturing is con- 
5 ducted for 2 to 20 days, preferably 2 to 1 4 days. When culturing is conducted at the optimum growth temperature prior 
to culturing at a temperature lower than the optimum growth temperature, culturing is conducted for 1 to 6 days and 
preferably 1 to 4 days at the optimum growth temperature, and 2 to 1 4 days and preferably 2 to 1 0 days at a temperature 
lower than the optimum growth temperature. 

[0038] pH of the medium is 4 to 10 and preferably 6 to 9, and airation and agitation culture, shaking culture, or sta- 
10 tionary culture is conducted. 

[0039] When cultured in a solid culture, bran, chaff, rice bran or the tike to which 50 to 100% by weight of water rel- 
ative to the weight of the solid has been added is used, and cultured at the above temperature for 3 to 14 days. In this 
case, nitrogen sources, inorganic salts, and trace nutrients may be added as desired. 

[0040] Furthermore, in accordance with the present invention, a substrate for biosynthesis for arachidonic acid or 
15 dihomo-y-linolenic acid may be added to a medium to facilitate the accumulation of arachidonic acid or dihomo-y-lino- 
lenic acid. Exarrples of substrates for biosynthesis include hydrocarbons such as tetradecane, hexadecane, and ocla- 
decane, fatty adds such as tetradecanoic acid, hexadecanoic acid, and octadecanoic acid or salts (e.g. sodium salts 
and potassium salts) or esters thereof, or lipids containing fatty adds as components (e.g. olive oil, coconut oil, and 
palm oil). 

20 [0041 ] Arachidonic acid or dihomo-y-linolenic acid can be more effectively accumulated by culturing with the addi- 
tion of said omega 6 unsaturated fatty acid that is precursor of arachidonic add or dihomo-y-linolenic add among the 
fatty adds. As the omega 6 unsaturated fatty adds, there can be mentioned linoleic acid, y-llnolenic add, dihomo-y-lino- 
lenic acid, and the like, and as lipids containing said fatty acids as components there can be mentioned safflower oil, 
soybean oil, corn oil, cottonseed oil, Bio-yCylinolenic add-containing triglyceride), and the like. 

25 [0042] The total amount of the substrate added is 0.001 to 1 0% by weight and preferably 0.5 to 10% by weight rel- 
ative to the medium. These substrates may be added either before or immediately after inoculating the producer micro- 
organism, or after the start of culturing. or they may be added at both time points. The addition after the start of culturing 
may be once, or more than once on an intermittent basis. Alternatively, they may be added continuously. These sub- 
strates may be added as the sole carbon source for culturing. 

30 [0043] By culturing as described above, lipids containing arachidonic acid or dihomo-r-linolenic add can be formed 
and accumulated in large quantities in the cells. When liquid medium is used, arachidonic acid or dihomo-7-linolenic 
acid can be harvested from the cultured cells as described below. 

[0044] After culturing, cultured cells may be obtained from the culture by conventionally used means of separating 
a solid and a liquid such as centrifugation. filtration and the like. The cells are extensively washed with water, and pref- 

35 erably dried. Drying can be effected by lyophilization, air drying, and the like. Dried cells are preferably extracted with 
an organic solvent under a stream of nitrogen. As .organic solvents, an ether, hexane, methanol, ethanol, chloroform, 
dichloromethane, petroleum ether, and the like can be used, and satisfactory results can also be obtained by alternate 
extraction with methanol and petroleum ether, or by extraction with a single layer solvent of chloroform- methanol-water. 
Evaporation of organic solvent from the extract under reduced pressure yields lipids containing arachidonic acid or 

40 dihomo-y-linolenic acid. 

[0045] Instead of the above-mentioned methods, wet cells may be used for extraction. In cases like this, solvents 
misdble with w«ter such as methanol and ethanol. or mixed solvents miscible with water comprising these and water 
and/or other solvents may be used. The other procedures are similar to those described above. 
[0046] In the lipids obtained as described above, various fatty acids are contained as components of lipid com- 

45 pounds, for example fat. They can be directly separated, but preferably they are separated as esters with a lower ateo- 
hol. such as y-linolenic add methyl. dihomo-y-linoIenic acid methyl, arachidonic acid methyl, and the like. 
[0047] By converting into these esters, they can be readily separated from other lipid components, and can be read- 
ily separated from other fatty acids such as palmitic add and oleic acid (these are also esterified at the same time as 
arachidonic add or dihomo-7-linolenic acid is esterified) that are formed in the culture. For example, in order to obtain 

so a methyl ester of arachidonic acid or dihomo-y-linolenic acid, the above extracted lipids are preferably treated with dry 
methanol-hydrochloric acid 5-10%, BFa-methanol 10-15%, and the like at room temperature for 1-24 hours. 
[0048] In order to recover arachidonic acid or dihomo-y-linofenic acid from the above treated solution, extraction is 
preferably effected with such organic solvents as hexane, ether, ethyl acetate, and the like. The extract is then dried with 
anhydrous sodium sulfate and the organic solvents are preferably evaporated under reduced pressure to obtain a mix- 

55 ture predominantly composed of fatty ackJ esters. This mixture contains, in addition to the desired arachidonic acid or 
dihomo-y-linolenic add, fatty acid methyl esters such as palmitic add methyl ester, stearic acid methyl ester, and oleic 
add methyl ester. In order to isolate methyl ester of arachidonic acid or dihomo-y-linolenic acid from mixtures of these 
fatty add methyl esters, column chromatography, low temperature crystallization, urea inclusion, liquid-liquid counter- 



6 



EP 1035 211 A1 



current extraction can be used either singly or in combination. 

[0049] In order to obtain arachidonic acid or dihomo-y-linolenic acid from these methyl esters of arachidonic add or 
dIhomo-Y-Hnolenic acid, they are hydrolyzed In an alkali followed by extraction with an organic solvent such as ether and 
ethyl acetate. 

tOOSOJ Furthermore, in order to obtain arachidonic acid or dihomo-y-linolenic acid without via methyl esters thereof, 
the above extract is decomposed with an alkali (e.g. 2 to 3 hours with 5% aqueous solution of sodium hydroxide), and 
then the decomposed material is subjected to extraction and purification according to the methods conventionally used 
for the extraction and purification of fatty acids. 

[0051 ] The present invention will now be explained in more details with reference to specific example. 

Examples 

Example 1. 



15 [0052] MortiereNa alpina IF08568 was inoculated into a large slant bottle containing 300 ml of Czapek agar 
medium (0.2% NaNOg. 0.1% K2HPO4. 0.05% MgS04-7H20. 0.05% KCI. 0.001% FeS04-7H20. 3% sucrose. 2% 
agar, pH 6.0). and was cultured at 28°C for 2 weeks. After culturlng. 50 ml of sterile water to which had been added 2 
drops of TweenSO was added to the large slant bottle, which was shaken sufficiently, and then filtered with 4 ply gauze. 
This procedure was repeated twice, and the filtrate was centrifuged at 8000 x g for 10 minutes. Spores thus obtained 

20 were suspended into Tris/maleate buffer solution (pH 7.5) to 1 x 10® /ml to prepare a spore solution. 

[0053] To 1.0 ml of the spore solution thus obtained. 0.5 ml of 100 mM Tris/maleate buffer solution (pH 7.5) was 
added, and 500 ^g of the NTG solution (N-methyl-N'-nitro-N-nitrosoguanldine 5 mg/deionized water 1 ml) was added, 
which was subjected to mutagenesis by incubating at 28°C for 15 minutes. After adding 3 ml of 10% NagSgOa. the reac- 
tion mixture was centrifuged at 5500 x g for 10 minutes, and the precipitate (spores subjected to mutagenesis) was 

25 washed with 3 ml of sterile water and centrifuged at 5500 x g for 10 minutes, to which 2 ml of sterile water was added 
to prepare a NTQ-treated spore suspension. 

[0054] The NTG-treated spore suspension was diluted to about 1 0'^ to 1 0*"* and then plated on a GY agar plate (1 % 
glucose. 0.5% yeast extract. 0.05% Triton X-1 00, 1 .5% agar, pH 6.0). After Incubating at 28^C, developed colonies were 
randomly picked up, and were cultured at 28*»C until growth can be seen, and after the growth was observed the culture 
30 was stored. 

[0055] The stored colonies that were picked up were cultured on a GY agar plate at 28*'C for 2 days and at 12°C for 
2 days, and then were punched out together with the agar prior to drying at 100 *»C. The dried cells obtained were 
placed into a screw capped test tube (1 6.5 mm 0). to which 1 ml of methylene chforide and 2 ml of dry methanol-hydro- 
chloric acid (10%) were added and were treated at 50»C for 3 hours to methylesterify them. Four ml of n-hexane and 1 
35 ml of water were added thereto, and extracted twice. After the solvent of the extract was evaporated using a centrifuge 
evaporator (40^C, 1 hour), the fatty acid methyl ester obtained was analyzed by capillary gas chromatography After 
screening. MQiteeMalfiiDa SAM21 53 (FERM p.15767) (FERM BP-6794) that does not produce eicosapentaenoic 
acid at a low temperature culture was obtained. 

40 Example 2. 

[0056] To a GY agar plate (1% glucose, 0.5% yeast extract. 0.05% Triton X-100. 1.5% agar, pH 6 0) Mortierella 
alBina IF08568 and Mortierella alpina SAM2153 (FEm P-15767) (FERf^ BP.6794) obtained in Example 1 were sep- 
arately inoculated and were subjected to stationary culture. The culture temperature comprised the following 6 condi- 
45 tions: 



1 . 28*»C (2 days). 12°C (2 days) 

2. 28^C (4 days) 

3. 12<»C(6days) 

so 4. 28*^0 (4 days). 1 2'C (3 days) 
5. 28'^C (7 days) 
6. 12*>C(7days) 

[0057] After culturing. methyl esterlfication was conducted as in Example 1. and the fatty acid methyl ester thus 
55 obtained was analyzed by capillary gas chromatography The results are shown in Table 1 . 
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[00581 The parent strain IF08568. when cultured at 1 2^C, produced eicosapentaenoic acid, and its ratio increased 
In proportion with the culturing time at 12°C. whereas the mutant strain Mortierella alpina SAM2153 (PERM P-15767) 
(PERM BP-6794) did not produce eicosapentaenoic acid at all even by culturing for a long time at 12»C. revealing that 
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it is a mutant strain in which the activity Of g)3 desaturase (enzymes that convert arachidonic acid to eicosapentaenoic 
acid) is lacking or extremely decreased. Also, since it was not capable of converting arachidonic add to eicosapentae- 
noic acid, it was found that the content of arachidonic acid could be efficiently enhanced by culturing at a low tempera- 
ture because arachidonic acid that othenwise would have been converted to eicosapentaenoic acid was accumulated 
5 by culturing at a low temperature. 

Example 3. 

[0059] Two ml of a medium (pH 6.0) containing 4% glucose and 1% yeast extract was placed in a 10 ml Erienmeyer 
10 flask and was sterilized at 120X for 20 minutes. One platinum loopful each of Mortierella alplna IF08568 and Mor- 
lifirfillaflleinaSAM2153 (FERM P-15767) (FERM BP-6794) obtained in Example 1 were inoculated on the medium, 
and were cultured under shaking using a reciprocating shaker (1 50 rpm) at 1 2*C for 7 days, or at 1 2*»C for 1 0 days. The 
results are shown in Table 2. It was confirmed In the liquid culture also that no eicosapentaenoic acid was produced, 
even by culturing at 12^C, resulting in an enhanced ratio and an increased amount of arachidonic acid produced. 

75 



9 



EP1 035 211 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



V 

3 
T3 
O 



-0 
•H 
U 
CO 

O 

C 

o 

•H 

JC 
U 

fd 

h 

Id 

«M 
o 

c 

3 

o 

i 

0) 



C 











m 




o 




c 


% 


o 


w 






+J 


•0 


•H 


d 


cn 




0 




0 


00 




VD 




in 


O 


CO 




O 


•o 






M 


o 




Id 






c 


> 






Q 




r-i 




<0 






VM 




0 






O 


c 


>^ 


0 




CO 


•H 


•H 


+3 


U 


Vl 


<0 


o 


0 


s: 


E 




0 


> 


u 





4) 

X 





Q 














m 










« 


r~ 


fH 




fH 




O 


lA 










o 


CM 


to 


CM 


cn 












o 




-a* 












N 


»H 


fH 








PA 1 


H 




O 






M 




o 


«n 


o 






ri 




(*) 


CM 




CQ 


CM 


H 


r- 


CM 


dp 








o 


00 


c 




CM 




n 




o 












•rl 


< 


rr 


GO 




fH 




O 


CD 


to 


«-t 


m 


a» 










o 


Q 








CO 


a 












o 


u> 










0 


3 


in 


<n 






m 




o> 


to 




•0 














CO 


u> 


VD 


tn 


lO 


0 


fH 










A 














VO 










5- 


3 


cn 


5f 


CD 


m 


4> 


CI 


r» 


fH 




cn 


<Q 
to 


CD 


r*- 


VP 


ifl 




fH 












3 




O 


o 


in 




*H 


»H 


fO 








00 




CM 


cn 






•H 


tH 










O 




m 


GO 


to 






•-4 


to 


Ot 


CO 




CD 
ri 


CD 


>H 


r- 


•H 












fH 




O 


M 




CM 


•H 






Ot 






r- 






cv 


•H 


m 


00 






fH 


fH 


iH 





O « 



o 

O fC ? 

D» O ^ 

o u 

a oi 



O <9 
OHO 



3 



§ s 



CM 

O O 



CM fH 



CD CM 

in 



O CO 

in 00 



CD m 

vo «n 

in rH 

<n CM 



CO tn 
u> to 



CM 



55 



10 



EF1 035 211 A1 



Example 4. 

[0060] To 2 ml of a medium (pH 6.0) containing 4% glucose and 1% yeast extract, substrates for arachidonic acid 
biosynthesis or lipids containing them shown in Table 3 were each added at 0.5%, and the mixture was placed in a 10 
ml Erienmeyer flask and was sterilized at 120°C for 20 minutes. One platinum loopful of Mortierella alpina SAM2153 
(PERM P-15767) (PERM BP-6794) obtained in Example 1 was inoculated on the medium, and was cultured under 
shaking using a redprocaling shaker (150 rpm) at 12*C for 10 days. The results are shown in Table 3. 



Tables 



Additive 


Arachidonic acid 




Content (%) 


Amount produced 






(g/i) 


(mg/g) 


No addition 


48.22 


1.41 


109.2 


Octadecane 


49.23 


1.46 


111.2 


Sodium oleate 


50.10 


1.56 


119.3 


Sodium linoteate 


51.30 


1.63 


124.3 


Sodium linolenate 


52.71 


1.65 


123.5 


Methyl oleate 


52.92 


1.68 


127.1 


Methyl linoleate 


53.20 


1.73 


128.4 


Methyl linolenate 


53.25 


1.74 


128.6 


Soybean oil 


54.06 


1.81 


129.0 


Com oil 


53.76 


1.81 


131.4 


Cottonseed oil 


54.88 


1.84 


130.9 


Safflower oil 


56.64 


2.05 


143.7 



Example 5. 

[0061] Five liters of a medium (pH 6.0) containing 2% glucose, 1.5% spy flour protein. 0.3% KH2PO4, 0.05% 
MgCl2 • 6H2O, 0.1% Na2S04, and 0.1% soybean oil was placed in a 10 L jar fermentor and was sterilized at 120°C for 
30 minutes. Mortierella alpina SAM2153 (PERM P-15767) (PERM BP-6794) obtained in Example 1 was inoculated and 
was subjected to an airation and agitation culture at an aeration rate of 1 wm for 1 0 days. The culture temperature was 
20°C at the start of culturing, and from day 3 it was gradually decreased to 12°C. Only on day 1 , was 1% glucose added. 
[0062] Prom day 2, 12 ml of the culture was sampled out, was methylesterified, and the fatty acid methyl esters 
obtained were analyzed by gas chromatography. Pigures la, b, c, and d each show changes In the amount (g/l) of ara- 
chidonic acid produced, the ratio (%) of arachidonic acid to the total fatty acids, the degree of growth (g/0, and glucose 
concentrations (%) in the medium. Culturing at a low temperature in a 10 L jar fermentor was confirmed and surprisingly 
the ratio of arachidonic add to the total fatty acids reached as high as 56.4% on day 10 of culturing. Analysis of lipid 
fractions In the intracellular lipids on day 10 of culturing revealed that triacylglycerol was 85.8%, free fatty acids 2.1%, 
diacylglycerol 0.5%, phosphatidyl ethanolamine 3.8%, phosphatidyl choline 3.9%, phosphatidyl serine 2.0%. and phos- 
phatide acid 1.9%. 

Example 6. 

[0063] Five liters of a medium (pH 6.0) containing 2% glucose. 1 .5% soy flour. 0.3% KH2PO4, 0.05% MgCl2 • 6H2O. 
0.05% CaCl2 • 2H2O. 0.1% Na2S04, and 0.1% soybean oil was placed in a 10 L jar fermentor and was sterilized at 
120**Cfor 30 minutes. 

[0064] On the other hand. Mortierella alpina IF08568 as a parent strain in a similar manner to Example 1 , was sub- 
jected to mutation treatment again to obtain Mortierella alpina SAM2239, a strain in which aS desaturase activity was 
decreased. 

[0065] This SAM2239 was inoculated and was subjected to an airation and agitation culture at an aeration rate of 
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1 wm for 12 days. The culture temperature was 24°C at the start of culturing, and from day 3 it was gradually decreased 
to On day 1, 2, and 3, 1% glucose was added. On day 12, the final day of culturing, sampling was earned out, 
and the fatty acid methyl esters obtained were analyzed by gas chromatography. The results indicated that the ratio of 
arachidonic acid to the total fatly acids reached as high as 75.1% and the amount produced thereof was 4.1 g/I. 
5 [0066] Reference to the nrncroorganisms deposited under the Patent Cooperation Treaty. Rule 1 3-2, and the name 
of the Depository Authority 



Depository Authority: 



10 [0067] 

Name: the National Institute of Bioscience and Human Technology. Agency of Industrial Science and Technology 
Address: 1-3. Higashi 1-chome. Tsukuba city. Ibaratd pref., Japan 

IS Microorganism (1) 



[0068] 



Name: 
20 Accession number: 
Deposition Date: 



Mortierella elonoata SAM0219 
PERM BP-1239 
March 19. 1986 



Microorganism (2) 



25 [0069] 



Name: Mortierella alpina SAM2153 

Accession number: PERM BP-6794 

Deposition Date: August 5, 1996 

30 

Claims 



1 . A process for produdng lipids containing arachidonic acid comprising the steps of 

culturing a microorganism in which oi>3 desaturase activity has been decreased or is lacking at a temperature 
lower than the optimum growth temperature from the start of culturing or after culturing at the optimum growth 
temperature, said microorganism being' obtained by mutagenesis of a microorganism capable of producing 
arachidonic acid and belonging to the genus Mortierella . the genus Conidlofctoius. the genus Pvthium. the 
genus Phytophthora, the genus Peniciilium . the genus Cladosporium. the genus Mucor. the genus Fusarium. 
the genus Asperglllgs. the genus Rhpciotorgla. the genus Entomophthora. the genus Echinosporanaium or the 
genus Saprolegnia: and then 

recovering lipids containing arachidonic acid from the culture. 



2. The process for producing lipids containing arachidonic acid according to claim 1 comprising culturing said mutant 
strain in a medium containing hydrocarbons, fatty acids, fatty acid esters, fatly acid salts, or lipids containing them 
as components; or adding to the culture in which said mutant strain is being cultured hydrocarbons, fatly acids, fatty 
acid esters, fatty add salts, or lipids containing them as components, and then further culturing. 



3. A process for producing lipids containing arachidonic acid comprising the steps of 

so 

culturing a microorganism in which ©3 desaturase activity has been decreased or is lacking at a temperature 
lower than 20**C from the start of culturing or after culturing at 20 to 40'*C. said microorganism being obtained 
by the mutagenesis of a microorganism belonging to the subgenus Mortierella : and then 
recovering lipids containing arachidonic acid from the culture. 

55 

4. The method of producing lipids containing arachidonic acid according to claim 3 comprising culturing said mutant 
strain in a medium containing hydrocartwns, fetty acids, fatty acid esters, fatty acid salts, or lipids containing them 
as components; or adding to the culture in which said mutant strain is being cultured hydrocarbons, fatty acids, fatty 
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acid esters, fatty acid salts, or lipids containing them as conponents. and then further culturing. 
5- A method of producing lipids containing dihomo-y-linolenic acid conprising the steps of 

culturing a microorganism in which o)3 desaturase activity has been decreased or is lacking at a temperature 
lower than the optimum growth temperature from the start of culturing or after culturing at the optimum growth 
temperature, said microorganism being obtained by the mutagenesis of a microorganism capable of producing 
arachidonic acid and belonging to the genus Mortierelia. the genus Conidiobolus. the genus Pythlum. the 
genus PhvtoDhthora. the genus Penicillium. the genus Cladosporium. the genus Mucor. the genus Fusarium. 
the genus Aspergillus, the genus Rhodotorula the genus Entomophthora . the genus Echinosporanaium or the 
genus Saproleqnia : and then 

recovering lipids containing dihomo-y-linolenic acid from the culture. 

6. The method of producing lipids containing dihomo*y-linolenic acid according to claim 5 wherein said mutant strain 
Is a mutant strain in which further A5 desaturase activity has been decreased or is lacking. 

7. The method of producing lipids containing dihomo-rlinolenic acid according to daim 5 or 6 comprising culturing 
said mutant strain in a medium containing hydrocart)ons. fatty acids, fatty add esters, fatty acid salts, or lipids con- 
taining them as components: or adding to the culture in which said mutant strain is being cultured hydrocarbons, 
fatly acids, fatty ackl esters, fatty acid salts, or lipids containing them as components, and then further culturing. 

8. A method of producing lipids containing dihomo-y-linolenic acid connprising the steps of 

culturing a microorganism in which co3 desaturase activity has been decreased or is lacking at a temperature 
lower than 20**C from the start of culturing or after culturing at 20 to 40°C, said microorganism being obtained 
by the mutagenesis of a microorganism belonging to the subgenus Mortierella: and then 
recovering lipids containing dihomo-y-linolenic acid from the culture. 

9. The method of producing lipids containing dihomo-y-linolenic add according to daim 8 wherein said mutant strain 
is a nnutant strain in which further A5 desaturase activity has been decreased or is lacking. 

10. The method of produdng lipids containing dihomo-y-linolenic acid according to daim 8 or 9 comprising culturing 
said mutant strain in a medium containing hydrocarbons, fatty adds, fatty add esters, fatty acid salts, or lipids con- 
taining them as components: or adding to the culture in which said mutant strain is being cultured hydrocart)ons, 
fatty acids, fatty acid esters, fatty acid salts, or lipids containing them as conponents, and then further culturing. 

1 1 . An arachidonic acid-containing miaobial lipid containing 72% by weight or more of arachidonic acid to the total fatty 
acids in said lipid. 

12. The arachidonic acid-containing microbial lipid according to claim 1 1 wherein the percentage of eicosapentaenoic 
acid to the total fatty acids in said lipid is 0.5% by weight or less. 

13. A microorganism wherein oS desaturase activity has been decreased or is lacking, said microorganism being 
obtained by the mutagenesis of a microorganism capable of produdng arachidonic acid and belonging to the genus 
Mortierella, the genus Conidiobolus. the genus Pvthium. the genus Phvtophthora. the genus Penidllium. the genus 
Cladosporium. the genus MUCQL the genus Fgsari gm . the genus Aspergillus, the genus Rhodotorula. the genus 
Entompphthprg. the genus Echinosporanaium or the genus Saproleonia. 

14. The microorganism according to claim 13 wherein ©3 desaturase activity has been decreased or is lacking, 
wherein said microorganism capable of producing arachidonic acid that is subjected to mutagenesis is a microor- 
ganism belonging to the genus Mortierella subgenus Mortierella . 

15. The microorganism according to claim 14 wherein ©3 desaturase activity has been decreased or is lacking, 
wherein said microorganism, capable of produdng arachidonic acid, that is subjected to mutagenesis is Mortierella 
alpina . 

16. The microorganism according to claim 15 wherein ©3 desaturase activity has been decreased or is lacking, 
wherein said microorganism wherein cd3 desaturase activity has been decreased or lacked is Mortierella alpina 
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SAM2153 (PERM BP-6794). 



17. A lipid containing arachidonic acid wherein the arachidonic acid content in the total fatty acids in the lipid is 50% by 
weight or more, said lipid being obtained by culturing a miaoorganism according to any one of claims 13 to 16 in 
which (d3 desaturase activity has been decreased or is lacking. 

1 8. A lipid containing arachidonic acid in which the arachidonic acid content in the total fatty acids in the lipid is 50% by 
weight or more and the eicosapentaenoic acid content is 0.5% by weight or less, said lipid being obtained by cul- 
turing a microorganism according to any one of claims 13 to 16 in which a)3 desaturase activity has been 
decreased or is lacking. 

1 9. A lipid containing arachidonic acid according to claim 1 7 or 1 8 wherein the arachidonic acid content In the total fatty 
acids in the lipid is 60% by weight or more. 

20. A lipid containing arachidonic acid according to claim 1 7 or 18 wherein the arachidonic acid content In the total fatty 
acids in the lipid is 70% by weight or more. 



14 



EP 1035 211 A1 



INTERNATIONAL SEARCH REPORT 



International appiicattoa No. 

PCT/JP99/04653 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI* C12P 7/64 // {C12P 7/64. CX2R 1:645) 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentatioD searched (classification system followed by ctassificatioo symbols) 
Int-Cl* C12P 7/64 



Documentatioa searched other than minimum documentation to die extent that such documento aic included in the fields searched 



ElecdiNUc data base consulted during the international search (name of date base and. where practicable, search terms used) 
RB6ISTRY(STN) » CA{STN) 



C DOCUMEmS CONSIDERED TO BE RELEVANT 



Category* 



Qtation of document, with indication, where a^ropriate, of the relevant passages 



Relevant to claim No. 



X 
A 



X 
A 



X 
A 



X 
A 



LI, ZU-YI. et al. "Process for production of arachidonic 
acid concentrate by a strain of Mortierella alpina". 
Can. J. chem. Eng. (1995), Vol. 73, No. 1, pages 135-139 

JP, 2-142486, Al (LION CORPORATION), 
31 May, 1990 (31.05.90) 
( Parol ly: none) 

TOTANI, N. et al. 'Industrial production of arachidonic 
acid by Mortierella", Ind. ;^pl. Single Cell Oils 
(KYLE, D. J. edit. AOCS Chatnpaign) (1992) , pages 52-60 

WO, 96/21037, Al (MARTBK BIOSCIENCES CORP.), 
11 July, 1996 (11.07.96) 



& AU, 
& EP, 
& PI, 
& MX, 
& XR, 



9646542, A 
800584, Al 
9702829, A 
9705078, Al 
98701036, A 



& US, 
& NO, 
& BR, 
& JP, 



5658767, A 
9703085, A 
9607179, A 
10-512444, W 



11-12,17-20 
1-10,13-16 



1-10,13-16 



11-12,17-20 
1-10,13-16 



17-19 
1-16,20 



Further doeuments are listed in the continuation of Box C. Q See patent &rmly annex. 



• ^ Special cHegofia of cited documeots: 

•A" docuBicmdefiniagihe general ftaie of the tft which boot 

conaidued to be of pnticiilar relevmooe 
'V eariicr docaroeRi but publichedoa or after the mtemadonal {ilhig 

date 

t* docuncM which niayihiDw doubts 00 priority ctab<«) or which is 
dted to estd)lish the publicstiofi dale of another citation or other 
special reaaon (as specified) 

'XT docuincmrefcniqgtoaaonJdiacVmirc.uM(,exhibilioaoroiher 



documcm puUiihed pckv to the intenialional filing date 



T* lata docuoKotpubUahed after die itttexnatioiMl filing date or 
priority date and not in conflict with the application but cited to 
uadcrataad the principle or theofy underiyiag the tDveatioo 

"X" do ct r m e nt of particular relevanoe; the clahncdhiyaatioa cannot be 
coQsideied novel or cannoC be conidend to involve an irailive 
tlep when die documeni is taken alone 

"Y* (iocu mod ofparticular relevance; the cbiBiBdinveiiiion cannot be 
considcxvd to iavohrc an invcntiTe step when the docomeet is 
cunabi n ed with one or mow other such decamenis. such 
conhintion being obvious to a penoa sidUed in the ait 

*4t" docttnentmenberoflhe sane patent ftmily 



Date of the actual completion of the international search 
30 November. 1999 (30.11.99) 


Date of mailing of the uitematioiua teaich npon 
07 December, 1999 (07.12.99) 


Name and mailing address of the ISA/ 
Japanese Patent Office 

Facsimile No. 


Authorized ofRcer 
Telqihooe Ko. 



Form PCnviSA/2 10 (second sheet) (July 1992) 



15 



EP1 035 211 A1 



INTERNATIONAL SEARCH REPORT 



Intcniatioiial applicatiaii Na 

PCT/JP99/04653 



C(GoRtiiiaatioa). DOCUMENTS CONSIDERBD TO BE RELEVANT 



CAtegDiy^ 



Ciutioa of document, with indication, where appropriait, of the retevaat passiges 



Relevant to claim No. 



P,A 



y 

A 



wo, 98/33468, Al (SUNTORY LIMITED), 
11 September, 1998 (11.09.98) 

SHIMADA, y. et al . •Enzymatic enrichment of arachidonic 
acid from Mortierella single-cell oil", J. Am. Oil 
Chem. Soc. (September, i998) , Vol. 75, No. 9, 
pages 1213-1217 

SHIMADA, Y, et al . ^Enrichment of arachidonic acid: 
Selective hydrolysis of a single-cell oil from Mortierella 
With Candida cylindracea lipase'', J. Am. Oil Chem. Soc. 
(1995), Vol. 72, No. 11, pages 1323-1327 

IiINDBERG, A. M. et al . ^Effect of temperature and glucose 
supply on the production of polyunsaturated fatty acids 
by the fungus Mortierella alpina CBS 343.66 in fermenter 
cultures", Appl. Microbiol. Biotechnol. (1993), Vol. 39, 
No. 4-5, pages 450-455 

JP, 8-214893 (OMEGATBCH INC.), 

27 August, 1996 (27.08.96), 

& BP. 726321, A2 & AU, 9537991, A 

& CA, 2163278, A & US, 5583019, A 

& US, 5882703, A 



17«1B 

I- 16,19-20 

II- 12,17-20 
1-10,13-16 



11-12.17-20 
1-10,13-16 



1-20 



1-20 



Forai PCT/lSA/210 (continuation of second sheet) (July 1992) 



16 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



